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57 ABSTRACT 
A organo-halide composition for use in the manufac 
ture of semiconductor devices. To enable the removal 
of all the photoresist material along with its inorganic 
contamination, after development and etching of pre 
selected portions of an oxide layer on a semiconductor 
slice, the material is exposed to a low pressure (few 
torr) rf generated “cold" plasma (200-300°C), where 
the plasma is a homogeneous gaseous mixture of oxy 
gen and organohalides. The organo-halide preferably 
is a binary or ternary mixture where each component 
preferably includes no more than two carbon atoms 
per molecule and is desirably fully halogensubstituted. 
One of the substituents should include predominantly 
chlorine, while the other should include a predomi 
nance of either fluorine or fluorine-bromine 
combinations. 

3 Claims, 2 Drawing Figures 
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FLUOROCARBON COMPOSITON FOR USE IN 
PLASMA REMOVAL OF PHOTORESIST 

MATERIAL FROM SEMCONDUCTOR DEVICES 
This is a division, of application Ser. No. 322, 134 

filed Jan. 9, 1973, now U.S. Pat. No. 806,365, which is 
a continuation of U.S. Ser. No. 173,537 filed Aug. 20, 
1971, now abandoned. 

FIELD OF THE INVENTION 

This invention relates in general to a process and 
material useful in analytical procedures, and more par 
ticularly to a process and material useful in the manu 
facture of semiconductor devices, enabling the simulta 
neous removal of both photoresist films and their em 
bedded inorganic contaminants during the processing 
of such devices. 

BACKGROUND OF THE INVENTION 

In one conventional technique for the manufacture 
of semiconductor devices, a slice of semiconductor 
material (p or n-type) accepts a relatively thin layer, 
typically 5,000 to 10,000A, of oxide grown on both of 
its surfaces. A layer of photoresist material is then spun 
on to the oxide of one side, and is subsequently exposed 
to UV light through a mask having openings corre 
sponding to those areas on the semiconductor slice 
where it is desired to generate semiconductor junc 
tions. After exposure of the photoresist material 
through the mask, the mask is removed and the layer of 
photoresist is developed and processed by means of a 
suitable solvent, exposing the underlying oxide layer. 
An acid dip is then used to etch the oxide from the 
surface of the semiconductor slice in the exposed areas, 
the remaining photoresist material serving as an etch 
barrier for the oxide surface covered by it. Following 
the etching process, a water rinse and a drying cycle are 
implemented. The remainder of the photoresist mate 
rial is subsequently removed, followed by an acid dip 
required for the removal of inorganic residues. Follow 
ing a drying step, diffusion of dopant material into the 
exposed areas of the semiconductor slice (where there 
is no oxide) is commenced to produce a predetermined 
junction. 
One of the problems associated with this particular 

technique arises from the step of removing the residual 
masking photoresist along with its inorganic contami 
nants prior to the diffusion stage. This step may be 
carried out by either one of two conventional tech 
niques. 
One technique employs a wet chemical process in 

which the residual photoresist is removed by applica 
tion of a solvent. The solvent, however, does not simul 
taneously remove inorganic contaminants embedded in 
the photoresist material. These contaminants predomi 
nantly include. tin, iron and magnesium metals, with 
much smaller traces of lead, copper, zinc, nickel, chro 
mium, aluminum, calcium, titanium, sodium and man 
ganese. Even in the purified versions of photoresist 
material, the tin concentration may be 130 parts per 
million, while that of iron and magnesium may be 5 to 
10 parts per million. These contaminants, left on the 
oxide layer after the photoresist has been removed, 
cause faulty operation of the resultant semiconductor 
device. Consequently, an additional rather hazardous 
acid dip is required. There are a number of photoresist 
materials available in the market of which only a few 
have particularly desirable characteristics of adhesion 

2 
and resistance to the etching acids. The product of 
Eastman Kodak Company identified as KMER is a case 
in point. As a result of its superior characteristics, ex 
cellent resolution and definition of the semiconductor 

5 junction areas may be achieved by its utilization. How 
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ever, this photoresist material, even after purification, 
has a relatively significant level (>100 parts per mil 
lion) of contamination of tin. This tin residue exhibits 
undesirable effects as a contaminant on semiconductor 
and/or semiconductor oxide surfaces in terms of: (1) 
crystallization of the oxide and breakdown of its passiv 
ating properties leading to extraneous diffusions, (2) 
precipitations in the semiconductor acting as getters 
for the dopants leading to uncontrollable sheet resistiv 
ity, (3) induced charges in the oxide giving rise to elec 
trical instabilities, junction leakage and uncontrollable 
drifts. Additional drawbacks of the wet chemical ap 
proach, involve the contamination of the solvents and 
their associated short shelf-life, as well as the continu 
ing cost coupled with their use and the inconvenience 
in rinsing and drying procedures prior to the diffusion 
step. 
A second technique, which has been employed, is a 

dry plasma stripping process in which the semiconduc 
tor device coated with the photoresist material is ex 
posed to an oxygen discharge which degrades and vola 
tilizes the organic photoresist material. This step, how 
ever, does not remove the inorganic materials embed 
ded in the photoresist layer, but undesirably generates 
a very thin layer, of 50 to 75A of semiconductor oxide 
on the previously exposed portions of the semiconduc 
tor slice. This oxide layer is, of course, disadvantageous 
in the subsequent diffusion step, since it serves as a 
partial diffusion barrier for junction formation, and 
consequently an additional etching step to remove this 
oxide prior to diffusion is required. 

SUMMARY OF THE INVENTION 

The process of the present invention employs a gas 
mixture for the generation of a low pressure plasma 
having unique characteristics which not only decom 
poses and volatilizes the residual organic photoresist 
material, but which also simultaneously effects a signif 
icant reduction in the quantity of inorganic contamina 
tion, particularly that of tin, iron and magnesium, 
which otherwise remains left on the structure of a semi 
conductor device. The plasma formed from this partic 
ular gas mixture also prevents the exposed area of the 
semiconductor slice from being covered by an unde 
sired oxide film. 

It has been discovered that if the generated plasma 
includes not only active oxygen, but also reactive spe 
cies resulting from a gas mixture of organo-halides that 
include, as the substituted halogens, both chlorine and 
either fluorine or fluorine-bromine combinations, the 
photoresist material will be removed and simulta 
neously with it the inorganic contaminants. Typically, 
these contaminants can be reduced to a concentration 
corresponding to 0.1 to 0.5 percent of a monoatomic 
layer. It is believed that the process is one in which the 
tin contaminant reacts with the chlorine-based active 
species to form basically SnCl4 which, at the ambient 
temperatures encountered, is volatile, and therefore 
carried away in the gas phase with the main gas stream. 
It is also believed that the halogen-based active species 
in this plasma prevent the formation of undesirable 
oxide film due to reduction of net active oxygen con 
tent and/or by etching of such films, thus substantially 
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rendering oxide-free exposed 'semiconductor areas. 
: While a number of materials have exhibited accept 
able operating characteristics for removal of inorganic 
residues, the optimum mixture for removal of photore 
sist and its inorganic contaminants appears to be a 
70-30 percent liquid binary mixture (by volume) of 
trichlorethylene with 1, 1, 2 Trichloro - 1, 2, 2 Trifluo 
roethane, respectively, added to the oxygen stream. In 
general, the organo-halides must exhibit substantial 
vapor pressure at room temperature in order to result 
in an effective gaseous composition, typically greater 
than 50 torr at 25°C, and should have no more than two 
carbon atoms per molecule. The substituted halogens 
should include chlorine and either fluorine or fluorine 
bromine combinations. 

DESCRIPTION OF THE DRAWING 
In the drawing: 
FIG. 1 is an illustration in diagrammatic form of a 

reactor system useful in the process of this invention; 
and 
FIG. 2 is an illustration in cross-sectional view of a 

typical semiconductor chip at an intermediate stage of 
the manufacturing process. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
FIG. 1 depicts diagrammatically an apparatus for use 

in performing the process described in the invention. 
The apparatus includes a glass reactor chamber 11, 
typically made of quartz, provided with a gas inlet man 
ifold 12. A-pressurized molecular oxygen supply 17 is 
connected through a pressure regulating valve 18 and 
flowmeter 19 to manifold 12. Also connected to mani 
fold 12 through a three-way solenoid valve 20 and flow 
monitoring device 21 is a liquid supply 22 of mixed 
organo-halides maintained under its own vapor pres 
sure of about 170 torr at 25°C. A vacuum gauge 25 
provides an indication of total reaction pressure in 
reactor 11. At any time and prior to introduction of 
organo-halide vapor to manifold 12, the corresponding 
flow lines are constantly evacuated through the three 
way solenoid valve 20 leading to the mechanical vac 
uum-pump 15, this being the case also under conditions 
where atmospheric pressure prevails in reactor 11 
through the utilization of the three-way isolation sole 
noid valve 13. A source of radio-frequency power 27 is 
coupled through a matching network 28 to inductance 
29 surrounding the reaction chamber 11. In operation, 
a mixture of oxygen and organo-halide vapor is admit 
ted to reaction chamber 11, where the inductively cou 
pled radio-frequency energy creates a “cold' plasma. 
The semiconductor material to be processed is placed 
within reactor 11, where it is exposed to the plasma. 
Such a reaction chamber is commercially available 
from the Process Control Division of LFE Corporation, 
under the trade designation PDS 302AOIR or PDS 
504AQIR. Typically, the rf power per reactor is be 
tween 150 to 175W continuous radiation at 13.5 MH. 
The general process is one in which up to 25 semi 

conductor wafers at an appropriate stage of the manu 
facturing process are placed in reactor 11 and exposed 
to the plasma generated by the admission of an appro 
priate vapor mixture of organo-halides and oxygen gas. 
For the appropriate reactions to take place, and in 
order to enable an effective process, it is important that 
this homogeneous mixture be formed prior to its enter 
ing the reaction chamber so that prescribed competi 
tive-consecutive action will take place when the dis 
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4. 
charge strikes. As will be discussed below, if the main 
reactions involved in photoresist stripping and inor 
ganic residue removal should follow sequentially, and 
not simultaneously, the process loses much of its effec 
tiveness. 

In FIG. 2 there is shown in cross-sectional view, a 
portion of a semiconductor device at a suitable pro 
cessing stage for the utilization of this invention. The 
semiconductor chip 30 having a relatively thin (2000 to 
10,000A) layer of oxide 31 on its upper surface, would 
almost always be silicon covered with a silicon dioxide 
film serving as a diffusion barrier, although other semi 
conductor materials may either have a deposited sili 
con dioxide film or another passivation film despoited 
onto them. This oxide layer has been etched at open 
ings 32 and 33 due to corresponding openings in the 
overlying photoresist layer 34. These windows corre 
spond to positions on the semiconductor slice where it 
is desired to form junctions by a subsequent diffusion of 
suitable dopants. At this stage of the process, it is nec 
essary, prior to diffusion into openings 32 and 33, to 
remove the photoresist layer 34 along with any inor 
ganic contaminants that may be embedded in it. It is 
equally important that no oxide film be formed on 
exposed areas of the semiconductor material in open 
ings 32 and 33. 

If the semiconductor structure, as depicted in FIG. 2, 
is exposed to the prescribed plasma formed from a 
gaseous mixture of oxygen and organo-halides vapor, 
the photoresist material will be eliminated and its asso 
ciated inorganic contaminants substantially reduced, 
inhibiting the presence of an oxide film on the exposed 
areas of the semiconductor slice in openings 32 and 33. 
It has been found that an effective organo-halide vapor 
or gas should be formed from a mixture of organo 
halides wherein each component in the mixture is se 
lected from the group of halocarbons having no more 
than two carbon atoms per molecule. and in which the 
carbons are attached to one kind of halogen or to 
mixed halogens of several kinds. If a liquid halocarbon 
mixture is considered, each of its components should 
have a boiling point between 20 and 120°C associated 
with a vapor pressure of 50 to 270 torr at 25°C. Prefer 
ably, one component of the liquid organo-halide mix 
ture should include chlorine as a sole substituent while 
other components of the mixture may include chlorine 
but should, in addition, include either fluorine, or fluo 
rine-bromine atom combinations. The gaseous mole 
fraction of the component containing the fluorine sub 
stituent at equilibrium with the mother liquid should be 
within 0.1 to 0.75. The preferred vapor mixture is pro 
duced from a liquid mixture containing 30 percent by 
volume of 1, 1, 2 Trichloro - 1, 2, 2 Trifluoroethane 
and 70 percent Trichloroethylene. In practice, this 
mixture is supplied as being under its own vapor pres 
sure of 166 torr at room temperature. This structure 
corresponds to a gaseous mole fraction of the fluorine 
containing component of 0.7. However, satisfactory 
results were achieved with a liquid mixture of up to 50 
percent by volume of these components. In general, for 
the compounds in the aforementioned group, an in 
crease in the number of carbon atoms per molecule 
tends to slow down both the process of photoresist 
stripping and the simultaneous removal of inorganic 

65 contaminants, while an increase in the mole fraction of 
the fluorine-containing component tends to result in 
excessive etching of the oxide layer 31. Too little fluo 
rine, however, may result in permitting oxidation of 
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exposed semiconductor surfaces. - " " . 
The successful operation of this process is believed to 

include competitive reactions in the plasma, such that 

6 
intended) prior to entering the reaction chamber, with 
the oxygen flow constituting about 80 to 99 percent of 
the total gaseous flow. 

TABLE I 

Gases Flow Rate ... Comment 

CHCF 4.4 micromolesisec low efficiency; order of 
magnitude less than optimum 

CHCl 5.85 micromoles/sec low efficiency; order of 

CH{1/CHBr 
(l) 

Liquids 
CCI, FCF,C/CHCl=CCl(binary mixture) 
CCFCF,C1/CHCl=CCl/CClF(ternary mixture) 

CCI, FCF,Cl/CHC-CC1/CCFICFBrCF, Br(quartenary mixture) 

CHBrCl 

ChBr 

C.H. Br/CHCICHCl(binary mixture) 

CCFCF.Cl/CHBr (binary mixture) 

2.6 to 4.4 micromotestsec 
magnitude less than optimum 
moderately efficient 

(mixture range by volume % 
in liquid state) 
.75/99.25 to 50/50 
approx. same ranges as above 
with CCl31.0% 
approx. same ranges as above 
with CCF and CFBrCFBr 
each less than 10% 

moderate to high efficiency 

moderate to high efficiency 

moderate to high efficiency 
efficiency down from optimum 
by factor of 5-10 
efficiency down from optimum 
by factor of 5-10 
efficiency down from optimum 
by factor of 5-10 
efficiency down from optimum 
by factor of 5-10 

relatively slow free electrons have a higher probability 
(larger cross sections) of attachment to fluorine rather 
than to chlorine or oxygen, thus reducing the concen 
tration of negative chlorine atoms (that assume an inert 
electronic configuration) thereby facilitating a corre 
spondingly more efficient attack of neutral active chlo 
rine atoms on the predominant tin residues. The pres 
ence of halogen atoms and halogen atom-containing 
radicals reduces the net concentration of active oxy 
gen, thus suppressing oxide growth on exposed semi 
conductor areas. A corresponding decrease in photore 
sist stripping by active oxygen is presumably offset by 
photoresist degradation due to halogen-based active 
species. Since Cl ions have a lower chemical affinity 
toward elemental metals than neutral Cl atoms, the 
abundance of the latter, which is enabled due to prefer 
ential formation of F ions, is believed to be a main 
precursor in converting tin residues to volatile tin tetra 
chloride (SnCl4) that escapes (with the main gas 
stream) to the pump. The photoresist material is de 
graded and volatilized principally by the reaction with 
active oxygen, and presumably also by reaction with 
the halogen-based active species. It is imperative that 
the plasma simultaneously contain both active oxygen 
and the excited halocarbon and halogen components, 
since an initial exposure of a semiconductor slice (FIG. 
2) to an oxygen plasma and its subsequent exposure to 
a halogen-based discharge would be interposed by an 
undesirable oxidation of tin to tin oxide along with an 
equally undesirable oxidation of exposed semiconduc 
tor surfaces. Under such circumstances, the halogens 
and halogen-based active species could not effectively 
volatilize the oxidized inorganic materials, because of 
an inherent endothermicity (lack of driving energy) 
associated with such a reaction. The relatively low 
reaction temperature (generally below 250°C) could 
hardly account for surmounting the inherent potential 
barrier associated with the reaction. 

It has been found that the mixtures set forth below in 
Table I within the range of mixture composition as 
designated, produce acceptable results in the process 
described. These gases are intended to be premixed 
with molecular oxygen (if photoresist stripping is also 
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O. Flow Rate 

In the following examples, suitable conditions for 
operating the process of this invention are set forth for 
two different organo-halide mixtures utilizing an oxy 
gen gas carrier. 

EXAMPLE I 

Binary mixture of CC1FCF,C1/CHCl=CCl (reagent 
grade). Values given for a single reactor chamber 
loaded with 20 to 25 two inch diameter slices coated 
with 1.2 microns of prepurified KMER photoresist. 

Reactor being evacuated to <0.1 torr prior to 
introduction of gaseous mixture. 

125 to 50 sccfmin 
1.1 to 1.25 torr 

: 330 lit./min via an acid 
resistant molecular sieve 
(7-9A) charged foreline trap. 

: 75 Watts (Reflected Power 
<2%) 

Total Pressure 
Mechanical Vacuum System 

RF Forward Power 

Exposure Time : 5 to 25 min. 
Typical Operating Steady 
State Temperature : -250°C. 

Binary mixture expressed Mixture vapor Flow rate 
as volume 7% of CCFCFC pressure at 25°C of vapor 

in liquid phase 

(%) (torr) (gr/hr) * * 

1.5 80 4 to 
6 93 0.1 to 65 
10 102 0.1 to 8 
30 sk 166 to 2.5 
50 221 0.5 to 2.6 

* Optimum mixture 
** One gramihr. equals 1.63 micromolesisec. 

The utilization of the 50 percent mixture was effec 
tive in removing lead, copper, zinc, nickel, chromium 
and aluminum, along with a substantial reduction in 
iron and tin content embedded in a photoresist film. 

EXAMPLE II 

Binary gaseouos mixture of CHCl/CHBr Same val 
ues for operating parameters and oxygen flow rate as in 
Example I. Gas mixture (1:1); flow rate 2.6 to 4.5 mi 
cromoles/sec. 
What is claimed is: 
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1. A composition of matter, useful in a mixture with a liquid mixture of CCFCF.C. (1, 1, 2 Trichloro-1,2, 
oxygen in a process for plasma removal of photoresist 2 Trifluoroethane) and CHC=CC, with CCFCF,Cl 

E. insignsgeusier ( 1, 1, 2 Trichloro-1, 2, 2 Trifluoroethane) constituting 
or a liqui mixture O 2 2 1, 21 ricnioro-1, 30 percent by volume of the liquid mixture. 
2, 2 Trifluoroethane) and CHCl=CC within range of S P Onion of matter E. in a process for 
0.75 to 50 percent by volume of CCFCFC (1, 1, 2 - 
Trichloro-1, 2, 2 Trifluoroethane) of the liquid mix- plasma removal of photo-resist material in manufactur 

ing semiconductors, comprising a gas mixture of oxy tute, 

2. A composition of matter, useful in a mixture with gen, CHCl and CHaBr with the mole fraction of CHCI 
oxygen in a process for plasma removal of photoresist 10 being equal to that of CHBr. 
material in manufacturing semiconductors, comprising ck k is 
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--U.S. Pat. No. 3,806, 365--; 
Column 6, 1ine 64 "gaseouos' should read --gaseous--; 

Column 4, 1ine 14 'despoited' should read -- deposited--; 
Column 4, line 38 delete the period (. ) between 
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